ABSTRACT
The removal of renal calculi by an extractable cast of the collecting system was first described in 1943 using pooled human fibrinogen and clotting globulin. ' The technique was not widely used because of technical complexity, limited availability of the fibrinogen product, and a significant risk of hepatitis transmission. Several different blood products, formulations, and technical modifications have since been proposed. 2-4
We recently investigated human plasma and cryoprecipitated plasma for potential use in coagulum formation. 5 Plasma alone did not form a coagulum of consistent or adequate strength to attempt calculi removal. However, cryoprecipitate when mixed with bovine thrombin and calcium chloride in a 1:2: 1 ratio at body temperature formed a consistent coagulum of reproducible strength. Furthermore, it compared favorably to the strength of coagula formed with previously reported blood products and formulas. We also found the cryoprecipitate clot dissolved within twenty-four hours when submerged in sterile or infected urine. Similarly, instillation and removal of the cryoprecipitate coagulum in canine kidneys resulted in no untoward anatomic or physiologic changes in function.
Encouraged by our findings of safety, limited risk of hepatitis transmission in a readily available blood product, and a simplified operative method which evolved during our studies on dogs, we applied the cryoprecipitate coagulum to selected clinical cases, the results of which are herein reported.
Material and Methods
Thirty patients ranging in age from twentyeight to seventy-six years, 12 females and 18 males, underwent surgery for upper tract calculi indicated for obstruction, persistent pain, or infection.
In 24 patients the coagulum technique alone was used to extract the calculi. In 2 of the 24 patients an ipsilateral upper-third ureterolithotomy was performed prior to coagulum pyelolithotomy. (Table II) .
As outlined in Table I (Fig. 1B ). This syringe is inverted a couple of times to ensure mixture, and the contents are injected via the angiocatheter within thirty seconds. After three minutes a pyelotomy is made and the coagulum withdrawn.
An intraoperative radiograph of the clot is obtained in each case to confirm entrapment and removal of all calculi.
The patients undergoing anatrophic nephrolithotomy and extended pyelolithotomy also had the cryoprecipitate solution injected via an angiocatheter placed in the renal pelvis. The clot was extracted through nephrotomy in 1 patient and pyelotomy in the other 5 cases.
Results
No serious postoperative complications were encountered, and drains were removed by the tenth postoperative day. Disruption of the coagulum during extraction with retention of a clot fragment was not encountered.
Failure of coagulum formation did not occur.
Twenty-three of 24 patients undergoing primary coagulum pyelolithotomy had complete entrapment of all calculi within the clot that was removed (96 per cent). The failure occurred in 1 patient when the coagulum removed only two out of three calculi. The retained calculus was trapped in a calyx with a stenotic infundibulum. Retrospectively, this represented an anatomic limitation of the coagulum when used as the only surgical technique, namely, a calyceal calculus larger than the infundibulum draining it.
In 6 of these 24 cases radiographically "silent" calculi (stones not seen on preoperative films) were found within the coagulum (25 per cent). An example of primary coagulum pyelolithotomy and extraction of unexpected calculi is shown in Figure 2 . Three of the 5 patients undergoing anatrophic nephrolithotomy and adjunctive coagulum extraction had "silent" calculi, fragments, or debris entrapped in the clot (Fig. 3) . Similarly, the patient who underwent extended pyelolithotomy with coagulum also demonstrated several unexpected calculi (Fig. 4) . The heminephrectomy was performed because of segmental lower pole parenchymal atrophy and punctate calcifications within the papilla which were confirmed microscopically in the operative specimen.
The over-all incidence of "silent" stone retrieval directly attributable to the use of the coagulum technique, was 10 out of 30 (33 per cent). Each patient had postoperative plain films of the abdomen showing no residual calculi except for the patient in whom the procedure failed because of an anatomic limitation.
Postoperative serum creatinine in each patient remained unchanged from preoperative values. Excretory urograms were obtained in 21 of the 30 patients, and each demonstrated prompt function and no structural aberrations attributable to the coagulum procedure. 
Comment
A successful extraction rate of 96 per cent when using the coagulum for pyelolithotomy is gratifying and reflects proper selection of cases wherein favorable anatomic conditions exist, such as pyelocalyceal dilatation. This is best exemplified by our failure where a narrowed infundibulum did not allow extraction of a larger calyceal calculus.
Our 6 additional cases prove that the coagulum method can be a very useful adjunct to other renal stone procedures by allowing more complete evacuation of calculi. This is particularly true for small, free-floating stones, fragments, or poorly matured amorphous debris which otherwise would be difficult or impossible to localize accurately or remove. Occasionally an obstructing proximal ureteral calculus will be associated with additional upper tract calculi. If these stones are small or difficult to reach, only a ureterolithotomy normally would be performed.
However, with the coagulum, these stones can be removed by combining a coagulum pyelolithotomy with the ureterolithotomy (Figs. 2 and 3) .
The 33 per cent incidence of "silent" calculi within coagula is perhaps surprising but punctuates the potential frequency with which unsuspected calculi can occur. Virtually all of these additional stones were small (3 to 5 mm.) and, if left behind, could represent the nidus for persistent, recurrent, or progressive calculus formation. Thus, the cryoprecipitate technique offers a new dimension to all forms of renal calculus surgery where the hallmark remains the removal of all stones and debris.
As described in our earlier study,5 cryoprecipitate offers several advantages over previously reported blood products. 
